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PHYSICAL,  CHEMICAL,  AND  BIOLOGICAL  CHARACTERISTICS  OF  THE 
SEDIMENTS  FROM  THE  LAKE  ELLYN  STUDY  AREA 

by  Thomas  E.  Hill  and  David  L.  Hullinger 


INTRODUCTION 

As  a part  of  the  major  efforts  undertaken  by  the  Northeastern  Illi- 
nois Planning  Commission  (NIPC)  under  the  National  Urban  Runoff  Program 
to  evaluate  the  water  quality  effects  of  storm  water  detention  storage, 
the  Water  Quality  Section  of  the  Illinois  State  Water  Survey  carried  out 
field  and  laboratory  investigations  to  characterize  the  physical,  chemical, 
and  biological  nature  of  the  bottom  sediments  of  Lake  Ellyn  and  several 
downstream  sites.  The  sediment  work  was  performed  by  the  Illinois  State 
Water  Survey  in  accordance  with  contractual  arrangements  (1-46-26-84-375- 
000)  between  NIPC  and  the  Board  of  Trustees,  University  of  Illinois,  com- 
mencing September  1,  1979,  and  ending  August  31,  1981.  The  results  of  nine 
field  sampling  trips  and  the  subsequent  laboratory  analyses  are  summarized 
in  this  report. 


SCOPE  OF  WORK 

Sediment  samples  were  collected  from  three  regular  sampling  stations 
in  the  lake  at  bimonthly  intervals  except  during  the  period  of  ice  cover. 
Physical,  chemical,  and  biological  determinations  were  made  on  these  sam- 
ples in  the  laboratory.  In-si tu  determinations  for  sediment  oxygen  demand 
rates  of  the  lake  bottom  sediments  were  made  on  four  occasions  to  delineate 
the  spring,  summer,  and  fall  variations. 

During  one  of  the  sampling  trips  to  the  lake,  sediment  samples  from 
three  additional  stations  within  the  sedimentation  basin  of  the  lake  were 
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collected  and  examined  for  physical  characteristics.  Also  during  the  last 
sampling  visit  to  the  lake,  additional  sediment  samples  were  collected  from 
Perry's  Pond  and  two  other  sites  downstream  of  the  lake.  These  sediment 
samples  were  subjected  to  the  same  analyses  as  the  samples  from  regular 
Lake  Ellyn  stations. 

Evaluations  of  physical  properties  of  the  sediment  samples  consisted 
of  particle  size  distribution  analyses  and  determinations  for  percent 
moisture  and  percent  volatile  solids.  Concentrations  of  the  following 
heavy  metals  and  nutrients  were  determined  on  different  fractions  of  the 
sediments:  arsenic,  cadmium,  chromium,  copper,  iron,  lead,  mercury,  zinc, 

total  phosphate,  ammonia,  nitrate,  and  total  Kjeldahl-nitrogen . Grease 
and  oil  and  pH  determinations  were  made  on  total  samples.  Also  the  type 
and  density  of  benthic  macroinvertebrates  in  the  sediments  were  assessed. 

METHODS 

During  the  first  year  of  this  contract,  sediment  samples  were  collected 
on  five  occasions:  October  18  and  December  17,  1979;  and  March  25,  May  28, 

and  July  29,  1980.  During  the  second  year  of  the  contract,  samples  were 
collected  on  September  29  and  November  24,  1980,  and  March  24  and  May  28, 
1981.  Samples  were  collected  at  three  different  locations,  stations  1,  2, 
and  3,  shown  in  figure  1. 

Three  additional  samples  were  collected  on  September  29,  1980,  from 
stations  designated  as  a,  b,  and  c within  the  sedimentation  basin  shown  in 
figure  1.  These  samples  were  examined  only  for  their  pH,  grease  and  oil, 
moisture  content,  volatile  fraction,  and  particle  sizes. 

Samples  were  collected  on  May  28,  1981,  from  three  additional  stations 
designated  as  stations  4,  5,  and  6 (figure  2)  which  are  located  downstream 
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LOCATION  MAP 


GLEN  ELLYN,  ILLINOIS 


Figure  1.  Lake  Ellyn  showing  sampling  locations 
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SCALE  OF  FEET 


Figure  2.  Additional  sampling  stations  in  Lake  Ellyn  study  area 
of  Lake  Ellyn.  These  sediments  were  examined  for  their  phsyical , biologi- 
cal, and  chemical  characteristics. 

For  physical  and  chemical  characterization,  three  grabs  with  an 
Ekman  dredge  (6x6  inches)  were  taken  at  each  station.  The  samples  for 
each  station  were  mixed  thoroughly  and  a composited  sample  representative  of 
each  station  was  obtained. 

For  benthic  macroinvertebrate  enumeration  and  identification,  three 
grabs  with  an  Ekman  dredge  were  again  taken  at  each  station.  These  samples 
were  then  washed  in  a 30-mesh  screen  bucket  with  the  residue  placed  in  quart 
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jars  and  preserved  in  95  percent  ethyl  alcohol.  In  the  laboratory,  the  sam- 
ples were  again  washed  in  a 30-mesh  sieve.  The  organisms  were  picked  from 
the  bottom  detritus,  identified  and  counted,  and  preserved  in  70  percent 
ethyl  alcohol. 

In-situ  sediment  oxygen  demand  (SOD)  measurements  were  made  on  May  29, 
July  30,  and  September  29,  1980,  and  March  25,  1981.  These  measurements 
are  representative  of  the  lake's  spring,  summer,  and  fall  conditions.  The 
general  procedure  used  in  the  field  for  determining  SOD  rates  is  outlined 
below. 

In-situ  measurement  of  sediment  oxygen  demand  rates  consists  essentially 
of  confining  a known  volume  of  water  over  a given  bottom  area.  For  this  in- 
vestigation, a small  box  type  sampler,  size  12  x 7 x 6 inches,  made  of  3/16- 
inch  welded  steel  plate  was  used.  The  dissolved  oxygen  (DO)  drop  within  the 
confined  waters  was  monitored  with  a galvanic  cell  oxygen  probe  equipped 
with  a stirrer.  The  stirrer-probe  combination  was  implanted  internally  in 
the  sampler,  the  details  of  which  are  given  by  Butts  and  Evans  (1979). 

As  a first  step,  the  DO  probe  was  calibrated  at  ambient  water  condi- 
tions by  the  modified  Winkler  method  (APHA,  1976) . The  stirrer-DO  probe  was 
installed  in  the  sampler  and  a battery  operated  recorder  was  hooked  into 
the  meter  to  provide  a continuous  record  of  the  DO  usage.  The  sampler  was 
then  lowered  from  a boat  to  the  bottom  after  all  trapped  air  was  carefully 
expelled.  Temperature  readings  were  taken  at  the  beginning  and  end  of  a run. 
DO  usage  was  also  recorded  manually  at  5-minute  intervals.  Algal  respiration 
was  determined  by  the  before  and  after  DO  levels  in  duplicate  dark  bottles 
incubated  at  mid-depth  during  each  SOD  run. 

Sediment  samples  were  examined  for  physical  properties  within  one  week 
after  the  samples  were  received  in  the  laboratory.  After  the  samples  were 
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allowed  to  settle  quiescently  for  at  least  48  hours,  the  supernate  in  the 
sample  bottles  was  decanted  off.  The  samples  were  then  thoroughly  mixed 
and  used  for  all  further  analyses. 

Consistency  or  the  percent  moisture  content  of  the  sediment  sample 
was  determined  by  accurately  weighing  a portion  of  the  mixed  sediment,  drying 
on  a steam  bath  and  then  at  103°C  in  an  oven  overnight,  and  reweighing.  Loss 
of  weight  from  the  wet  sample,  expressed  as  percent  of  original  weight,  was 
taken  as  a measure  of  the  moisture  content  of  the  sample. 

The  volatile  fractions  of  the  sediment  samples  were  determined  by 
igniting  the  oven-dried  sediment  sample  referred  to  above  in  a muffle  fur- 
nace at  500°C  for  1 hour,  cooling,  and  reweighing.  The  loss  of  weight  of 
the  sample  from  the  oven-dried  sample,  expressed  as  a percent  of  the  origi- 
nal dry  weight,  was  taken  as  the  volatile  fraction. 

The  sieve-pipet  method  (Guy,  1969)  was  used  for  particle  size  analysis. 
The  fundamental  principle  of  the  pipet  method  is  to  determine  the  concentra- 
tion of  a suspension  at  a pre-determined  depth  as  a function  of  settling 
time.  Particles  having  a settling  velocity  greater  than  that  of  the  size 
at  which  separation  is  desired  will  settle  below  the  point  of  withdrawal 
after  a certain  time  has  elapsed.  The  time  and  depth  of  withdrawal  are  pre- 
determined on  the  basis  of  Stokes  law.  Guy  (1969)  has  reported  the  recom- 
mended times  and  depths  of  withdrawal  for  sampling  particle  sizes  from  63 
microns  down  to  2 microns  based  upon  a range  of  water  temperatures. 

A well-mixed  sediment  sample  was  accurately  weighed  out  and  dispersed 
in  a 1-liter  graduate  and  made  up  to  1 liter  with  double  deionized  water. 

The  dispersion  was  thoroughly  agitated  with  a specially  designed  plastic 
plunger  with  at  least  30  quick,  deep  plunges  before  the  suspension  was 
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allowed  to  settle  under  quiescent  conditions.  After  appropriate  settling 
times,  samples  were  withdrawn  from  15  cm  and  5 cm  depths  (representative  of 
particle  sizes  smaller  than  63  microns  and  4 microns,  respectively)  for 
particle  size  analysis,  analysis  of  heavy  metals,  and  some  nutrient  analyses. 
Weights  of  sediments  smaller  than  63  microns  and  4 microns  were  determined, 
after  evaporation,  through  a steam  bath,  ovendrying  overnight  at  103°C,  and 
desiccation.  This  weight,  the  initial  sample  weight,  the  consistency,  and 
the  volume  of  dispersion  taken  were  used  to  calculate  the  particle  size 
distribution . 

Determinations  for  cadmium,  copper,  iron,  lead,  and  zinc  were  made 
with  atomic  absorption  spectroscopy  as  detailed  by  the  APHA  (1976)  after 
various  aliquot  sizes  of  the  different  size  suspensions  were  digested  with 
nitric  acid  and  hydrochloric  acid  and  made  up  to  a desired  volume.  Deter- 
minations for  arsenic  and  chromium  were  made  by  ICP  (inductively  coupled 
plasma)  procedures  on  these  digested  suspensions. 

Mercury  determinations  were  made  following  the  procedures  of  USEPA's 
Methods  for  Chemical  Analysis  of  Water  and  Wastes  (1979) , in  which  specially 
digested  suspension  samples  are  analyzed  by  cold  vapor  atomic  absorption 
spectroscopy. 

Determinations  for  pH  as  well  as  grease  and  oil  were  always  made  on 
the  well-mixed  sediment  samples,  whereas  total  phosphorus  analyses  were  made 
on  sediment  suspensions  (APHA,  1976). 

Table  1 lists  these  procedures. 
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RESULTS  AND  OBSERVATIONS 


Physical  Characteristics 

Moisture  content,  percent  volatile  solids,  and  chemical  oxygen  demand 
(COD)  values  for  the  sediment  samples  are  shown  in  table  2.  COD  analysis 
was  performed  only  once  for  the  samples  collected  on  May  28,  1981.  The  sedi- 
ment sample  obtained  from  station  4 consisted  mostly  of  whole  leaves  in 
various  stages  of  decay  mixed  with  some  mud  and  fine  sand.  It  was  impos- 
sible to  obtain  a representative  subsample  for  particle  size  analysis  or 
other  chemical  analyses  including  COD. 

Sediment  moisture  content  was  the  lowest  at  station  1 among  the  three 
regular  sampling  stations  in  the  lake,  with  a progressively  increasing  trend 
toward  the  outlet  of  the  lake.  In  the  sedimentation  basin  also,  the  moisture 
content  increased  from  station  a to  station  c.  It  should  be  kept  in  mind 
that  the  latter  observation  is  based  on  only  one  sample  collection. 

Volatile  fraction  of  the  solids  was  generally  highest  at  station  1 
and  progressively  decreased  towards  the  outlet.  However,  the  trend  was 
reversed  within  the  sedimentation  basin  with  station  a having  the  lowest 
volatile  solids  fraction  and  station  c exhibiting  the  highest  volatile  solids 
fraction . 

The  chemical  oxygen  demand  values  for  stations  1,  2,  3,  and  5 are 
comparable.  Sampling  station  6 was  sited  in  the  DuPage  River  upstream  of 
the  effluent  discharge  from  the  Glendale  Heights  waste  treatment  plant  and 
station  5 was  sited  downstream  of  the  effluent  discharge.  The  sediment 
sample  from  station  6 was  found  to  be  relatively  clean,  consisting  predomi- 
nantly of  sand  (table  3) . The  COD  value  was  only  9900.  The  COD  values  for 
stations  1,  2,  3,  and  5 were  found  to  be  several  times  higher  than  the  value 
for  station  6. 


8 


Particle  size  distributions  of  the  sediment  samples  from  all  the  sta- 


tions except  station  4 are  shown  in  table  3.  In  the  regular  lake  stations 
(stations  1,  2,  and  3)  no  discernible  trend  in  the  particle  size  distribution 
was  noticed.  The  materials  shown  as  > 63  microns  for  these  stations  con- 
sisted mostly  of  organic  debris  such  as  leaf  fragments  and  twigs  in  various 
stages  of  decomposition,  and  very  little  sand. 

However  in  stations  a,  b,  and  c within  the  sedimentation  basin  of 
the  lake,  materials  > 63  microns  were  mostly  inorganic  in  nature.  Heavier 
and  coarser  materials  tend  to  settle  near  the  inlet  to  the  siltation  basin. 

Chemical  Characteristics 

Chemical  characteristics  of  the  sediments  (pH,  various  forms  of  nitro- 
gen, total  phosphorus,  and  grease  and  oil)  are  shown  in  table  4.  Analyses 
for  these  characteristics  were  performed  either  on  total  sediment  samples 
or  on  the  sample  fraction  size  less  than  63  microns,  as  indicated.  Analyses 
on  various  components  — > 63y,  > 4 but  < 63y,  and  < 4y  --  were  made  once 
to  determine  the  concentrations  of  ammonia-N,  Kjeldahl-N,  nitrate-N,  and  total 
phosphate-P,  and  the  results  are  listed  in  table  5.  The  relative  importance 
of  various  sediment  sizes  in  terms  of  nutrient  attachment  is  also  shown  in 
table  5.  In  general,  the  silt  fraction  of  the  sediment  accounted  for  the 
major  portion  of  the  nutrient  load,  although  the  above  63y  fraction  usually 
had  the  highest  nutrient  concentrations. 

Kelly  and  Hite  (1981)  reported  that  the  total  phosphorus  in  lake  sedi- 
ments, based  on  whole  sediment  samples  from  63  Illinois  lakes,  ranged  from 
\ 

280  to  2842  ppm  with  a mean  value  of  666  ppm.  The  values  determined  for  Lake 

Ellyn  fall  within  this  range  except  for  two  samples  collected  on  March  24 

and  May  28,  1981.  Kelly  and  Hite  also  report  the  range  of  values  for  Kjeldahl-N 
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in  Illinois  lakes  as  245  to  8180  ppm,  with  a mean  value  of  3358  ppm  (Ibid, 
table  13) . 

Results  of  analyses  for  arsenic,  cadmium,  chromium,  and  mercury  in 
different  fractions  of  the  sediment  samples  are  shown  in  table  6.  Values 
for  copper,  iron,  lead,  and  zinc  are  given  in  table  7.  For  purposes  of 
comparison,  heavy  metals  concentrations  (means  and  ranges  of  values)  observed 
in  63  Illinois  lakes  by  Kelly  and  Hite  (1981)  are  shown  in  table  8.  The 
values  reported  by  them  are  for  total  sediment  samples. 

Sediment  samples  collected  on  March  25,  1980,  and  May  28,  1981,  were 
examined  to  assess  the  heavy  metals  concentrations  of  the  whole  samples  and 
their  component  fractions:  clay,  silt,  and  sand  (mixed  with  organic  debris). 
These  results  are  shown  in  tables  9 and  10.  The  relative  importance  of 
each  fraction,  in  terms  of  percentage  with  respect  to  the  total  weight  of 
a given  heavy  metal  in  one  gram  (dry  weight)  of  sediment  sample,  is  also 
shown  in  these  two  tables.  For  March  25,  1980,  samples,  the  silt  fraction 
of  the  sediments  was  found  to  contribute  the  major  share  of  the  heavy  metals 
load.  However,  for  the  May  28,  1981,  samples,  both  silt  and  sand  (and  debris) 
fractions  appear  to  be  of  equal  significance  in  terms  of  load. 

The  highest  concentrations  of  heavy  metals  were  found  in  the  sand 
and  debris  (>  63y)  fraction,  the  next  highest  concentrations  were  found  in 
the  clay  fraction,  and  the  lowest  were  found  in  the  silt. 

Biological  Characteristics 

The  types  and  densities  of  macroinvertebrates  found  in  Lake  Ellyn 
are  shown  in  table  11.  The  predominant  benthic  organisms  in  Lake  Ellyn 
were  found  to  be  Chaobovus  and  Chironomidae . The  Chaoborus  (phantom  midge) 
has  air  sacs  which  permit  it  to  visit  the  surface  waters  to  feed  and  renew 
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its  oxygen  supplies  at  night.  During  the  day,  this  organism  burrows  in 
the  sediments  and  survives  there  in  great  numbers  even  under  anaerobic  con- 
ditions. Chironomidae , on  the  other  hand,  have  a hemoglobin-like  blood 
pigment  and  special  gills  to  extract  sufficient  oxygen  from  nearly  anoxic 
waters.  These  are  essentially  pollution  tolerant  organisms. 

Chaorobus  tends  to  dominate  the  benthic  community  from  March  through 
October.  The  types  and  numbers  of  benthic  organisms  found  in  Lake  Ellyn 
are  typical  of  lakes  with  less  than  1 ppm  DO  near  the  mud-water  interface 
during  the  warmer  months  of  the  year. 

The  sediment  oxygen  demand  rates  for  the  three  stations  are  shown  in 
table  12.  In  addition  to  the  ambient  water  temperatures  and  the  observed 
sediment  oxygen  demand  rates  at  the  ambient  water  temperature  levels,  rates 
of  sediment  oxygen  demand  at  20°C  and  25°C  were  computed  and  are  shown  in 
these  tables  for  comparative  purposes.  The  equation  used  was 
SODt  - SOD20  (1.047T_2°) 

where 

SOD^  = Sediment  oxygen  demand  at  any  temperature,  T°C 
SOD^  = Sediment  oxygen  demand  at  20°C 
Net  sediment  oxygen  demand  rates  after  allowing  for  algal  respiration  were 
computed  and  included  in  the  table. 

The  SOD  rates  found  in  Lake  Ellyn  are  probably  high  enough  to  reduce 
dissolved  oxygen  levels  significantly  during  winter  ice  cover  and  prolonged 
summer  stagnation. 
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Table  1.  Analytical  procedures 


Ammonia-N 
Total  Kjeldahl-N 

Nitrate-N  (Extractable) 
Grease  and  oil 

Total  phosphate-P 


Distillation  followed  by 
acidimetric  titration 
Digestion,  and  distillation 
followed  by  acidimetric 
titration 

Chromotropic  acid  method 
Extraction  method  for  sludge 
samples 

Sulfuric  acid  - nitric  acid 
digestion  followed  by 
ascorbic  acid  method 
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Table  Particle  size  distribution  of  the  sediments  in  the  Lake  Ellyn  study  area 
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Table  . Selected  chemical  characteristics  of  the  sediments  in  the  Lake  Ellyn  study  area 
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* Analyses  were  performed  on  <63]j  fraction,  whereas  others  pertain  to  whole  sample 

Note:  pH  is  dimensionless;  grease  and  oil  are  expressed  as  percent  of  dry  weight  of  solids;  all  others  are  expressed 

as  ppm  dry  weight 
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Table  6.  Heavy  metals  concentrations  (As,  Cd,  Cr,  and  Hg)  in  the  sediments  of  the  Lake  Ellyn  study  area 

(ppm  dry  weight) 
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Table  6C  Continued 
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Table  7 © Heavy  metals  concentrations  (Cu,  Fe,  Pb,  and  Zn)  in  the  sediments  of  the  Lake  Ellyn  study  area 

(ppm  dry  weight) 
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Table  7C  Continued 
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Ctrpper  149  223  33  67 
lifen-  21,723  32,160  22,289  37,020 
be&d  100  211  45  <17 
Zinc-  255  298  107  168 


Table  8.  Sediment  heavy  metal  concentrations  found  in  other 
Illinois  lakes,  ppm  (Kelly  and  Hite,  1981) 


Parameters 

Mean 

Range 

Arsenic 

11.17 

0.70  - 63.00 

Cadmium 

0.98 

<0.50  - 4.00 

Chromium 

22.50 

3.70  - 49.50 

Mercury 

0.09 

<0.04  - 0.31 

Copper 

41.30 

5.00  - 367.50 

Iron 

28,631.00 

5,700.00  - 44,667.00 

Lead 

49.60 

5.00  - 183.30 

Zinc 

111.00 

16.50-403.30 
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Table  9.  Heavy  metal  concentrations  (ppm  dry  weight)  in  the  sediment  fractions  and  their  percent  contribution 

to  the  total  heavy  metals  load  in  Lake  Ellyn  (March  25,  1980  collection) 
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22,530  100  22,500  9.2  21,930  85.1  38,090 
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Table  10.  Heavy  metal  concentrations  (ppm  dry  weight)  in  the  sediment  fractions  and  their  percent  contribution 

to  the  total  heavy  metals  load  in  Lake  Ellyn  study  area  (May  28,  1981  collection) 
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iead-  1,171  100  8,412  36.6  736  48.7  987 

607  100  4,627  3809  376  48.0  459 


Table  10.  Continued 
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Table  11.  Benthic  macroinvertebrates  in  the  Lake  Ellyn  study  area 
(individuals  per  square  meter) 
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Table  12.  Sediment  oxygen  demand  rates  of  the  sediments  in  Lake  Ellyn 

(g/m2/day) 
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Note:  T°C  means  ambient  water  temperature 


